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Abstract: Field experiment was conducted during kharif season of 2013 in randomized block design using three 
nitrogen doses (50, 75 and 100 kgN/ha) with three replications for Napier Bajra hybrid. Three nitrogen fertilizers, 
potassium nitrate (KNO3), urea [CO(NH2)2] and ammonium sulphate [(NH4)2SO4] were used in divided doses. The 
crop was harvested four times in different seasons. Growth attributes viz. plant height (72.6cm), number of tillers per 
plant (20.1) and leaf length (91.2) found highest at 100 kgN/ha doses and maximum values were recorded in mon-
soon season. Green fodder yield (321.0 q/ha) and dry fodder yield (79.6 q/ha) were recorded highest with KNO3 
fertilization and found maximum in monsoon season. Among all the harvest seasons, crude protein yield (19.1 q/ha) 
was observed maximum in summer season. Quality attributes viz. ether extract (2.6%), ash content (12.9%) and in 
vitro dry matter digestibility (62.6%) were observed highest in summer season. Crude fibre, neutral detergent fibre 
and acid detergent fibre decreased with increased level of nitrogen doses and observed maximum in monsoon  
season. 
Keywords: Growth attributes, Harvest seasons, Napier Bajra hybrid, Nitrogen fertilization, Yield  
INTRODUCTION 
Napier Bajra Hybrid, cv, PBN-233 (Pennisetum pur-
pureum × Pennisetum glaucum) is a popular fodder for 
rearing the livestock because of its higher biomass 
yield and its suitability for feeding the dairy cattle, 
sheep and goats. It is an important fast growing multi-
cut fodder crop and provides fodder from April to No-
vember. Bajra × Napier hybrid is a heavy feeder crop 
and due to multi-cut ability its nutritional requirement 
is also very high as it gives better response to evaluat-
ed level of fertilizers (Pathan et al., 2012). Hence it 
was felt necessary to study fertilizer levels and season-
al variation in present investigation to maximize the 
quantity and quality of green fodder. Nitrogen (N) is a 
fundamental regulator of plant growth and its supply 
strongly influence plant growth. Plant N status depends 
on soil nitrogen availability as well as plant uptake and 
assimilation capacity. In general, the availability of the 
nutrients influence the quality of various crops. The 
increase in nitrogen fertilization improved considera-
bly nitrogen uptake and would contributed to large 
photosynthetic activity and synthesis of higher protein 
content (Rostamza et al., 2011). Plant quality was sen-
sitive to the growing conditions, especially nitrogen 
level (Wang et al., 2007). Seasonal variations affected 
the availability of the nutrients from the soil to forage 
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species leucaena/gliricidia-Guinea grass mixtures 
(Ezenwa et al., 1995). The nutritional values of forage 
species were low in the dry seasons compared to the 
wet seasons (Buxton, 1996). This was as a result of the 
dependence of grass nutrient contents on the amount of 
moisture found in the soil in which the forage plants 
were grown (McDowell et al., 1983). High proximate 
composition of the forage species in the rainy season 
might be due to high concentration of minerals. These 
minerals might act as precursors to the proximate for-
mation in the rainy season and acted as essential co-
factors of metabolic reactions which were responsible 
to activate enzymes (George et al., 2005). Harvest time 
also influenced green forage and dry fodder yield and 
trend of both parameters were exactly similar (Ayub et 
al., 2009). Increased supply of nitrogen and other nu-
trients increased the protein content whereas decreased 
the NDF and ADF content (Patel et al., 2007). Fodders 
with lower ADF and higher protein content were easily 
digestible by ruminants and those with higher ADF 
and lower protein content could not be considered suit-
able to feed. Thus, the system of characterization of 
protein was to be valuable in estimating dietary protein 
and nitrogenous nutrients (Sharma and Chandra, 
2004). In a study of fodder maize, nitrogen application 
resulted in greater values of plant height, leaf area, 
number of leaves and stem diameter, fresh and dry 
 forage yield (Koul, 1997). Keeping this in view, the 
present investigation was carried out to evaluate the 
effect of nitrogen fertilization in different forms on 
yield and quality attributes of Napier Bajra hybrid in 
different harvest seasons. 
MATERIALS AND METHODS 
The present investigation was carried out on Napier 
Bajra Hybrid (PBN 233) (Pennisetum purpureum × 
Pennisetum glaucum) raised in the experimental field 
of Forage Research Farm, Department of Plant Breed-
ing and Genetics, Punjab Agricultural University, Lu-
dhiana. Stem cuttings with two or three nodes were 
used for planting. A small portion of shoot-slip was 
allowed to remain exposed and the rest of the slip was 
buried in the soil. The crop was planted at 90 x 40 cm 
apart in lines under good conditions of soil moisture in 
April using random block design (RBD) with three 
replications. The fertilizers were applied in two inter-
vals at the time of irrigation and after the 10 days of 
sowing/previous cut or harvest. Plant tops were har-
vested (15 cm above the soil surface) four times (1st to 
4th harvest i.e, June to October). First cut was taken 
after 60 days of sowing (DOS) in June and subsequent 
cuts were taken after an interval of 35-40 days. Yield 
and growth attributes were measured at the time of 
harvesting in different seasons i.e., Summer, Monsoon, 
Autumn and Pre-winter. Fresh plant leaf samples were 
collected after every harvest, sun dried and then com-
pletely dried in hot air oven till a constant weight was 
obtained. This dried plant material was ground using Wil-
ly grinder to a uniform mesh size. The standard meth-
ods were used for the estimation of neutral detergent 
fibre and acid detergent fibre (Goering and Van Soest, 
1970), in vitro dry matter digestibility (Tilley and Ter-
ry, 1963), ether extract, ash, crude fibre and crude pro-
tein (AOAC, 1970). Data was statistically analyzed 
using analysis of variance (ANOVA). Further mean sepa-
ration of treatment effects was accomplished by using 
Fisher's protected least significant difference test. All data 
analysis was carried out using SAS software. 
RESULTS AND DISCUSSION 
Growth attributes: In the present study, Napier Bajra 
plant height increased significantly (p< 0.001) with 
nitrogen fertilization rate (Table 1). Increasing trend 
with N fertilization could be ascribed to the role of 
nitrogen in stimulating cell division, consequently in-
ternodes elongation and development in Pearl millet 
(Ali, 2010). Highest plant height (72.6 cm) was record-
ed at 100 kg N/ha doses while lowest (64.9 cm) at 50 
kg N/ha doses. Increase in plant height with nitrogen 
fertilization of (0-180 kgN/ha), (0-30 kgN/ha) and (0-
100 kgUrea/ha) also observed by other workers in 
pearl millet (Ayub et al., 2009), cowpea (Hasan et al., 
2010) and Chickpea (Namvar et al., 2013) respective-
ly. Among N sources, maximum plant height (cm) was 
observed with ammonium sulphate (69.9) application 
as compared to urea (68.4) and KNO3 (68.0) treated 
plants (p>0.05). Among the different harvest seasons, 
overall harvest mean showed maximum rise in plant 
height (cm) in the monsoon (100.5) season whereas 
the minimum plant height was recorded in pre-winter 
(49.2) season with nitrogen fertilization (p<0.001).  
In the current study, increase in nitrogen fertilization 
rates significantly (p<0.001) resulted increase in the 
number of tillers/plant (Table 1). Overall effect of N 
fertilization for number of tillers/plant was ranged 
from 17.9 - 20.1. Similar result was obtained by in-
creasing the nitrogen doses within the range of 0-160 
kgN/ha in oat fodder (Hasan and Shah, 2000). Among 
the N sources, number of tillers/plant were maximum 
with ammonium sulphate (19.4) fertilization followed 
by urea (19.1) and potassium nitrate (18.6) fertilization 
(p>0.05). Number of tillers/plant was maximum in 
monsoon (24.4) season and minimum in pre-winter 
(12.6) season (p<0.001). Similarly, Batista et al. 
(2014) reported increased number of tillers in the se-
cond growth of the Ruzi grass with nitrogen fertiliza-
tion rates of 0-45 mg/dm.  
In the present study, leaf length was increased with 
nitrogen application (p<0.001) (Table 1). Leaf length 
was ranged from 85.8 – 91.2 cm with increasing N 
fertilization rate. It varied significantly (p<0.01) 
among different N forms. Regardless the seasons, 
mean values were maximum in KNO3 (90.3 cm) treat-
ed plants but minimum in (NH4)2SO4 (86.7 cm) treated 
plants. Among the harvest seasons, leaf length also 
significantly (p<0.001) different from each other. Har-
vest mean showed highest leaf length in monsoon 
(102.3 cm) season and lowest in summer (83.4 cm) 
season. Harvest season interacted significantly 
(p<0.001) with N sources.   
Yield: Green fodder yield (GFY, q/ha) increased with 
nitrogen fertilization (p< 0.001) and highest yield was 
observed with 100 kg N/ha dose (Table 2). Similarly 
higher green fodder yield with increasing nitrogen 
fertilization rates was recorded in hybrid Napier geno-
types (Tiwana et al., 2004, Vinay Raj and Palled, 
2014). The increase in green fodder yield of forage 
under nitrogen application could be attributed to the 
positive effect of nitrogen on all the growth parameters 
investigated in this study as forage yield is a function 
of growth parameters. Among different N sources, 
GFY was recorded highest with KNO3 fertilization 
(321.0 q/ha) followed by CO(NH2)2 (315.2 q/ha) and 
(NH4)2SO4 fertilization (303.8 q/ha) (p<0.001). The 
GFY also varied significantly (p< 0.001) with harvest 
season. The effect of N application is not always the 
same and depends on agro-climatic conditions. The 
highest yield was achieved in monsoon (518.1 q/ha) 
season and lowest in pre-winter (199.1 q/ha) season. N 
doses and N forms had significant effect on average 
GFY yield (p< 0.05) in four harvest seasons.  
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 Increase in dry fodder yield (DFY, q/ha) resulted from 
increase in nitrogen fertilization rates (p<0.001) (Table 
2). Previous studies also reported increased dry fodder 
yield with increasing nitrogen rate of 0-180 kgN/ha 
and 150-225 kgN/ha in slender meadow foxtail, cheat 
grass, rough blue grass, perennial ryegrass (Aydin and 
Uzun, 2005) and Bajra napier hybrid respectively 
(Pathan et al., 2012). In the present study, DFY ranged 
from 60.7 – 94.8 q/ha with increase in N application 
rate. Among nitrogen sources, KNO3 (79.6 q/ha) treat-
ed plants showed higher DFY than CO(NH2)2 (79.2 q/
ha) and (NH4)2SO4 (73.3 q/ha) treated plants. Among 
harvest seasons, DFY was recorded highest in mon-
soon (131.8 q/ha) season while the least was observed 
in pre-winter (47.6 q/ha) season. Harvest seasons 
showed significant interaction with N doses (p<0.001) 
and N sources (p<0.001). 
Crude protein yield (CPY) increased significantly 
(p<0.001) with nitrogen fertilization rates (Table 2). 
This might be due to more rapid conversion of carbo-
hydrates to proteins under higher nitrogen supply. 
Highest CPY was recorded with higher fertility level 
of nitrogen. Inadequate sup-ply of available N fre-
quently resulted in depressed protein levels in plant 
and generally, protein content increased with nitrogen 
uptake (Mikkelsen and Hartz, 2008). Among N 
sources, there was marginal increase of CP yield in 
(NH4)2SO4 treated plants (p>0.05). Ammonium form 
of nitrogen fertilization gave maximum CPY (14.3 q/
ha) followed by amide (13.4 q/ha) and nitrate (13.2 q/
ha) form. In fodder maize, lower CP content was ob-
served in urea treated plants than ammonium sulphate 
treated plants (Hassan Amin, 2011). Similarly CP con-
tent was found higher in ammonium treated lucerne 
plants as compared to nitrate treated plants (Vasileva 
and Ilieva, 2011). With nitrogen fertilization, overall 
harvest mean showed maximum CPY in summer (19.1 
q/ha) season which was decreased in monsoon (12.1 q/
ha), slightly increased in autumn (12.3 q/ha) and low-
est CPY was observed in pre-winter (11.1 q/ha) season 
(p<0.001). The maximum CP yield in summer season 
might be due to the peak metabolic activities in sum-
mer season. Similarly in Bermuda grass forage, crude 
protein was increased with nitrogen application in both 
spring and summer harvests (May et al., 2007). 
Quality attributes: Higher doses of nitrogen fertiliza-
tion significantly (p<0.001) resulted in decrease in the 
CF content (Table 3). Similar results were also report-
ed by increasing the nitrogen doses of 40-160mg am-
monium nitrate/kg soil and 0-225 urea/ha in lucerne 
(Ilieva and Vasileva, 2010) and pearl millet respective-
ly (Rostamza et al., 2011). In the present study, CF 
content was ranged from 21.7 -23.3% with nitrogen 
fertilization. However, Bandeswaran et al. (2013) 
found that crude fibre content was not influenced by 
the level of inorganic nitrogen application in Napier 
Bajra hybrid. Nitrogen sources did not interact signifi-
cantly (p<0.05) with N doses. CF also showed varia-
tions with seasonal fluctuations (p<0.001). CF content 
was found maximum in monsoon (25.0%) season fol-
lowed by summer (24.3%), autumn (20.8%) and pre-
winter (19.8%) seasons. When forages harvested sev-
eral times during the growing seasons, the changes in 
environment conditions affect distribution of CF be-
Rupinder Kaur et al. / J. Appl. & Nat. Sci. 9 (3): 1350 - 1357 (2017) 
Table 5. Correlation coefficients betweengrowth attributes, yield and quality attributes of Napier Bajra hybrid as influenced by 
nitrogen doses and sources.    
Table 6. Correlation coefficients between growth attributes 
and yield of Napier Bajra hybrid as influenced by harvest 
seasons.       
  Plant 
height 
Number of 
tillers/plant 
Leaf 
length 
GFY 
Number of 
tillers/plant 
.841       
Leaf length 1.000* .854     
GFY 1.000* .834 .999*   
DFY 1.000* .845 1.000* 1.000* 
* = significant at 5% level of significance  
  Plant 
height 
Num-
ber of 
tiller/
plant 
Leaf 
length 
GFY DFY CPY CF NDF ADF EE Ash 
Number of 
tillers/plant 
.999*                     
Leaf length 1.000* .999*                   
GFY .974 .963 .971                 
DFY .999* .996 .998* .984               
CPY .994 .987 .992 .993 .998*             
CF -1.000* -.999* -1.000* -.975 -.999* -.994           
NDF -.996 -.999* -.998* -.951 -.991 -.980 .996         
ADF -.974 -.984 -.977 -.898 -.962 -.943 .973 .990       
EE -.997* -1.000* -.998* -.954 -.992 -.982 .997* 1.000* .988     
Ash .991 .996 .993 .934 .983 .969 -.990 -.999* -.996 -.998*   
IVDMD .975 .984 .978 .898 .962 .943 -.973 -.991 -1.000* -.989 .996 
*= significant at 5% level of significance 
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 tween harvests (Cherney and Volenec, 1992). 
Neutral detergent fibre (NDF) represents total fibre 
fraction (cellulose, hemicellulose, lignin and silica) 
that make up cell walls of the forage tissue. Forages 
with high concentrations of fibre generally support less 
milk production as these contain less available energy 
and are consumed in lesser amounts by livestock. NDF 
content showed reverse trend to crude protein yield 
and decreased significantly (p<0.001) with nitrogen 
fertilization (Table 3). Similar types of findings were also 
observed in urea treated hybrid napier plants (Sharma et 
al., 2012). Among each N source, highest NDF content 
was observed in (NH4)2SO4 (72.7%) treated plants as 
compared to KNO3 (72.0%) and CO(NH2)2 (71.8%) treat-
ed plants (p<0.05). Irrespective of N sources, harvest 
mean was found variable in each season (p<0.001). On 
average among each harvest season, NDF content was 
obtained highest in monsoon (77.9%) season while low-
est in pre-winter (66.8%) season.  
Acid detergent fibre (ADF) represents cellulose, lignin 
and silica. It was a major indicator of digestibility and 
its higher level negatively affect feed quality (Han et 
al., 2003). Likewise NDF, ADF also decreased signifi-
cantly (p<0.001) with nitrogen fertilization (Table 3). 
Kering et al. (2011) observed that N fertilization con-
sistently decreased ADF content in bermuda grass for-
age. Similarly, the decreased ADF content with N ap-
plication in different cuts of hybrid Napier was also 
recorded by Sharma et al. (2012). In many studies, 
ADF values did not change significantly under the 
influence of N fertilization (Kopp et al., 2003, 
Knežević et al., 2007, Salis and Vargiu, 2008). Among 
the nitrogen sources, maximum ADF content was rec-
orded in (NH4)2SO4 (40.2%) treated plants followed by 
CO(NH2)2 (39.8%) and KNO3 (39.2%) treated plants 
(p<0.01). ADF content was found maximum in mon-
soon (41.8%) season and lowest in pre-winter (37.2%) 
season.  
Nitrogen applied to the plants in any form resulted in 
decrease in EE level (p<0.001) and the values ranged 
from 1.0 - 1.7% with N application (Table 4). Howev-
er, there were studies showing that the content of ether 
extracts increased with addition of N (Vučković et al., 
2005). The content of EE varied with different N 
sources (p<0.001). Irrespective of harvest seasons, 
urea treated plants exhibited maximum (1.5%) EE con-
tent followed by potassium nitrate (1.4%) and ammo-
nium sulphate (1.2%) treated Napier Bajra plants. In 
different harvest seasons, overall harvest mean showed 
maximum EE content in summer (2.6%) season and 
minimum in pre-winter (0.8%) season. Onyeonagu and 
Eze (2013) also observed higher ether extract in Pen-
nisetum purpureum during rainy season as compared 
to dry season which was in favour of our present re-
sults because rainfall was maximum in summer season 
during experimental period. 
Ash content was maximum during the early stages of 
growth. It increased significantly (p<0.001) with nitro-
gen fertilization (Table 4). Studies indicated that the 
rates of nitrogen inputs were important to maximize 
the level of nutrients in plants (Odunze et al., 2004, 
Russo, 2006). Similar results regarding the increased 
percentage of ash content with nitrogen application 
was obtained in pearl millet (Ayub et al., 2009). Irre-
spective of seasons, ash content was ranged from 10.5 
- 11.3% with nitrogen fertilization. Highest ash content 
was recorded in KNO3 (11.1%) treated plants followed 
by CO(NH2)2 (11.0%) and (NH4)2SO4 treated plants. In 
different harvest seasons, harvest mean showed maxi-
mum ash content in summer (12.9%) season whereas 
minimum in autumn (10.2%) and monsoon (10.2%) 
seasons (p<0.001). Higher mineral content was also 
observed in baby corn at early stages than in later stag-
es (Thavaprakaash et al., 2008). Previous study on 
different forage grasses showed significantly (p<0.05) 
higher mineral content percent in rainy season than in 
dry season which supported our present results 
(Onyeonagu and Eze, 2013).  
 In vitro dry matter digestibility (IVDMD) increased 
significantly (p<0.001) with nitrogen application 
(Table 4). The digestibility was increased from 58.7 - 
62.1% with N application. An increasing trend of 
IVDMD with N application in Napier Bajra hybrid was 
also observed by Pathan et al. (2012). Among N 
sources, highest IVDMD was observed in KNO3 
(61.3%) treated plants followed by CO(NH2)2 (61.0%) 
and ammonium sulphate (59.6%) treated plants 
(p<0.001). N sources interacted significantly (p<0.05) 
with N doses. Among harvest seasons, overall harvest 
mean observed highest values in summer (62.6%) sea-
son and lowest in monsoon (58.8%) season (p<0.001). 
Vough and Marten (1971) reported decreased IVDMD 
with reduced leaf to stem ratio in alfalfa forage. In the 
present study, the trend of IVDMD in different seasons 
was proportional to crude protein yield.  
Correlation studies: In relation to different nitrogen 
fertilization levels and sources, plant height showed 
positive correlation with number of tillers/plant (r 
= .999*), leaf length (r = 1.000*) and DFY (r = .999*) 
whereas negative correlation with CF (r = -1.000*) and 
EE (r = -.997*) at 5% level of significance (Table 5). 
DFY revealed positive correlation with CPY (r 
= .998*) whereas negative correlation with CF (r = -
.999*). CF was positively correlated to EE (r = .997*). 
A negative correlation was found between ADF and 
IVDMD (r = -1.000*). In relation to harvest seasons, 
no correlation was observed within quality attributes 
whereas a significant correlation (p<0.05) was found 
between growth attributes and yield of Napier Bajra 
hybrid (Table 6). 
Conclusion 
To sum up the finding we can conclude that both yield 
and quality improve with increasing nitrogen fertiliza-
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 tion doses. Among fertilizers, potassium nitrate and 
ammonium sulphate gave better results in terms of 
GFY (321.0 q/ha) and CPY (14.3 q/ha) respectively. 
Seasons have great impact on quality of crop. There-
fore, CPY (19.1 q/ha), ash (12.9%) and IVDMD 
(62.6%) were highest during early stage of growth 
whereas CF (25.0%), NDF (77.9%), ADF (41.8%), 
plant height (100.5cm), number of tillers/plant (24.4), 
leaf length (102.3cm), GFY (518.1 q/ha) and DFY 
(131.8 q/ha) were highest in monsoon season. 
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